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i E [HN] HIEMMEARREARITAEAIAE T, A8 B A= T RO R A SO AL
B, ONRUEY R AR MR SR e S, [ iR ] RMIHFE R4 Pleurotus pulmonarius Fl | & 4L
4o Protaetia (Liocola) brevitarsis (Lewis)% 4= To/A T AL BRI 2k HUIEA . FFUEE R 8 #R F5 27 Wi A
(X1, X2, X3, X4, X5, X6. X7. X8) 1 1 B F#EWF (P) WiSHHULE 702 52858 . HIE
PR ZEAS R BC 5 AAA A % OB AR A B RV E R B g kb, 25 °ClEIREG R 30-40 d, TR 22 /E KHE
FEREFREE ST, B 5 I BB B 5 1) 75 1 R AR e fagh i, 3R 15 d Rk g E s, JRlsEh
WA AR ERE, THRRE R RV R B . B R AN I R . SR DT & 25
5 (GI) K30 75 B4 U A R AL & fagh AU BOBS = A i  ak. [ 48R ] 5Pk 8
B GE RN 4 5, 551 BAMEIE X1, X3, X4, X7, X8, %52 MMl X2, 553 il X5,
% 4 AR X6; 8 EIEM LA AR AR R R T A 2 4 1) SI%MM 2 HURBEAATE | 15%5k 57
2% A0 RN 2% 418 5 2) 66% ML IBERARTE | 15%Ek M . 15%MF5E . 2% KT 2% 418 . RS R
4 R FH 24 AR EGE IR R 27 °C, Ff /K EBTE 55%-65%2 0] 3 W4 MR, frfd
TAFRM T RIUE 100 ¢ FREEEME, nIFfk 3 ARk 4.62 g, HT) 80.22 g, HYFMEMIAKINFE LN
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Using insects and bacteria to dispose of nematode-infected pine timber
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Abstract  [Objectives] To investigate a new, pollution-free method of disposing of pine wood infected with
nematodes and provide new ideas for the effective utilization of spent mushroom substrates used in the
production of edible fungi. [Methods] The ability of the fungi Pleurotus pulmonarius and larvae of the beetle
Protaetia (Liocola) brevitarsis (Lewis) to dispose of pine wood infected with nematodes was investigated. Eight
strains of P. pulmonarius (X1, X2, X3, X4, X5, X6, X7, X8) and 1 strain of Pleurotus ostreatus (P) were
classified using by antagonistic tests. Two kinds of culture medium were provided to these strains: 1) 81% saw
dust, 15% bran, 2% lime and 2% gypsum; 2) 66% saw dust, 15% bran, 15% cottonseed hull, 2% lime, 2%
gypsum. The strains of P. pulmonarius were inoculated into a culture medium made of nematode-infected pine
sawdust which was cultured at 25°C for 30-40 d after which the hyphal growth rate was calculated. P. (Liocola)
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brevitarsis larvae were fed broken, spent mushroom substrate under different environmental conditions and were
weighed after 15 d. Larval frass and surplus spent mushroom substrates were collected, and feed intake, feed
utilization rate, insect body conversion rate and approximate digestibility calculated. The seed germination index
(GI) was used to test the phytotoxicity of the larval frass and spent mushroom substrate to P. pulmonarius.
[Results] The optimum temperature for P. brevitarsis larvae to feed on spent, P. pulmonarius mushroom
substrate was 27 °C and the optimum water content was 55%-65%. 3rd instar larva were the most efficient
feeders. Under optimum feeding conditions, 4.62 g of 3rd instar larvae and 80.22 g of larvae frass could be
obtained from 100 g of spent P. pulmonarius substrate. The GI of spent P. pulmonarius substrates was < 50%,
and there was still some phytotoxicity. The GI of larval frass was > 50% and there was no phytotoxicity.
[Conclusion] The edible fungus P. pulmonarius and larvae of the beetle P. brevitarsis larvae can be used to
decompose nematode-infected pine wood.

Key words pine wood nematode disease; conversion treatment; Pleurotus pulmonarius; Protaetia (Liocola)

brevitarsis (Lewis)

Fis A28 U AR FRAM I A , 2 Pl P F 4R
Bursaphelenchus xylophilus 5| #2 it — A il
FIRLES KM, Ik B IR 038, 5%
WA ARG AE YN, B IR EFE 1982 4Frg mt il
Bz B BB R EBLZR LR, & 2019 43
H 18 AT X 666 41X H A& A WAk 26 dif
KAETIAGAS] 111.46 J7 hm? (R4, 2020 ),
AR 4 Monochamus alternatus 2314k A1 i1
TR, BHAE 4-10 H EANBRABUE A
FEER A I, RS R S A7 2-3 A
JERET, T R A, JEAE IR 3-5 4F
JEAETS (HHa4%E, 2017 ), P HUS LA B I
Wik 32, R RIS 43.1%, IRIE LYY
d7 70% (3K3C5m4E, 2007 ), H 2001 4EEFR K
H5 X B R R B AL AR LK, #2018 4R,
FIRT A 36 DX EMITRETIFIX &R,
H 35 MR BRI RRETF XA X, k4
RBUGAEIZ) 1354 hm® (FERATHOL)E, 2019),
P A2 U B R AR A, S 2 PR T 1
P bRE e XMl AR 25 RS ROl = M ) & JE R
P RG T ™ E iy, B i AR S SO K
Tl 25 B B e ) e K B i s . Hai,
s A 2 HUI 8 A A By 2 B B A R e b S 4
KT . TR PUEL . AR BTHE
SEAUE VIR S BURR PR R 1E] 245, 2017 ),
WA B XA AR ORI I % 1 10F5E, 4%
I R AR B AR L . KAT5 Y L BEAR LR
FIAA BB K AR T CAE KRG, I FLEE PR AR S Hh bk

TG RAIEHIE 100 T3 BRIAMEEAR , 77 A ) K i
AR (BARAE ), HAF S F )8 o
EHT, B XA A 4R B 2 AR 1 & 1T
5o I, FAME 2R B E AR T8 i 2 4 A Ak Ak
BRI AR AR M AR R IA AL e YD
il TR 1% [ A
FAbA e Ui 98 AR B A B 200 R 1Y H AR 5E
U5, ERESL L AL AT AR RIS B AT —A2F
ARFNR Pk . 4 Pleurotus pulmonarius &
— P HE PR SR, BAE RS LB T HR
1. PR, W H . WER., MEE, 4ME
HREBHARL, HEREoE, SRR E+fE
( EWEMZET, 2014 ), M FE2EEA 4
AR ARTEBIRE S, XAqER . KRR
H2 25 4t R0 B Al 22 53 00 AE Gk B 33.32%
40.74%. 42.36% (FMTEL, 2012), HUAIFHAE
2R HUPRPE AR B P 75 22 a5 e A BRRA A 2R AU 28
KRR iRRZ — o (A B R [ 257
AEREIR SRR, RS (2015) AR5 RUIH 2%
JE B AR A e R SRR, ik
B 42.50%, HAT, KF w2 A R ET e
SRR . ik o AR
BT AR BUREL, ST A T A AE YL T AT
M AR B . (B T AR B T, R S R
EA KRR, ENEREEREREES, D
R 7 T i s Bl B A ) SRR R B AR I AR 5
SEACFP IR B 5 RO S B (R R AR (X
TEE, 2019 ), PNl TC FE A AL BRE SRR,
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H 2 4E 4 f6 Protaetia (Liocola) brevitarsis
(Lewis)Je—Fh# ULAGHH I H R i, 750282 LR
TH#ME . Z8WH. &@F. EealR, 2
AR, ZLT 2001 FrEFEmEREM (55
SCHEAE, 2004), FEEN FE M ERIL . L.
b S IX (254, 2006 ). H RS R
FUAT BT, X i S I E i E R (8
HLPRAE, 2005 ). L, XA EESANTRE
FLAE e R b ) kA S DR TS, 20085
XEpk, 2009; skEAHSE, 2011), HEESR
o i B TR, DR B A LSRRI AN
SFFAENY CRILIESE, 2005), BB &A K
WMEY, BG4 RERG MR EE 70%
(HEBk, 2020). WFRXE, ARES LR
AT DABCE AL -2 TR . RBR 35 4 s R A A &
KRAEFE, BCE Vi RAE . JCBR 25 2 PR 1 22
T ARFEFF YRR FHZ R 53508 8.74% . 9.80%
L 17.51%; HAREALRES 44.28% . 49.32%F
63.82% ; T LIE L RN 19.88% . 20.08% FlI
22.75% (#H)R5%, 2015; 5Kff, 2015; M=,
2018 ), BEAL, FERAES: fad) i VRS B i
ik 49.90%, AeWi & s 15.42%, & —28n
RIEE FVRUR, H 4 du 281 ML & & & ik
34.1%, Je—MESFFRANIEE (R,
2014 ), Wk, HEAE R —FEMIRADI
B IR B AL, R AL 4 fa i AL P A 28 e iz
A WP 1) 75 B s RAE 2B 77 B R A D
X TR £k BUREARBER A . T RSP A1
LR . R IAEE . FRE R K
SRR . B HA B ST

AR 5 3 328 A5 PTG BB 2 HU AR
PCAEER Y 75 B2 a6 G AR HEA TR S R0 2, S B
FeRHILBCAIE T IR A 28 HU AR A T AR 3 75
B, LIRS H 24 R 5 m i T H 2
FEE gl BURSRIEOR o 8 i A I
FE AR 0 B DL LR T BEE , 4R
H— BRI B BEA SR B e AL AL PR A £
AR X TR L RRREAKE B | FH R A 2R
FUT A AR A2 b2 i) BAT B 240 (E

1 #MR5HE

11 BEAHr R R L 2R
PARABEA « o PR TH AR B B iR A el

feft

AR PR R LR R RS
g U IR AR K2 R 24 B A S A 5
B At e g g2 42, itk fuds 8 bk B2 4
Pleurotus pulmonarius B #& 1 1 #°F-%# Pleurotus
ostreatus R, AR AL KA ) PR AP 27 Bt 31
B S B R IR S g wE AR

RIS AR R PRX-150B % fig N T M
R TAERERAR ), GIBOTW X
FEK S (BUSE T MESARA ), 514 120
TemFF B3R CLARERFEARA T ).

12 HEFEBRA

BRI R (PDA B3R5 ). SR EIR
200 mL, R 1.5 g, %M 20 g, 3EAE 20 g,
pH A&,

JEUFf ORI AR 5 b SR AL . AMA LR U AROR
8, ZEk, fMifrre, AE, AR, K (FR1),

x1 ERMMBIEMIEFERS

Tablel Themedium formula of secondary spawn and culture spawn

e, A (%) gw (op) Bran THHTE (%) AR (%) FH (%) Bk
Medium Saw dust Cottonseed hull Lime Gypsum Material : Water
1 81 15 0 2 2 1:1.3
2 76 20 0 2 2 1:13
3 71 25 0 2 2 1:13
4 66 15 15 2 2 1:13
5 41 15 40 2 2 1:13
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1.3 REF*

131 HRE KOIUSEKELE K 8 T
PuHEEm S N X1, X2, X3, X4, X5, X6,
X7. X8, FHitkg SR P FELHZMT,
B9 NP TR 2 DR AR, R
F R —HFEAR G 73 -, BT 25 CATAME
FErR IO SR 10-15 d, WA AR ] & A7 AE
gk (R, 2019),

132 #HESNKXIE 4% BREURP R B A R 75 i
7 IE VR Ty e, fdiH 15 emx30 cmx0.05 cm
R IR RS HIVE H i s, R TR Y
400 g, B2y 20cem, {E 121 °C, 1x10°Pa &M F
KW 2h, FFREAAREIE 30 CLL TG HFUR %R,
FERR PR EEFR 5 4% KM B E T 25 °C
AN TSRS 25-40 d, HEWEOCFHEZ
ARG, T FH2E R 2R LS, H A A
JE R ARG IR AT A B IC SRR 22 A R
B, AWK,

133 3 BHHRNEARARAESKEEHTE KHiE
J5 75 24 WS K B AR 35% . 45% .
55%. 65%. 75%, TE 28 C N TSR+,
= 8 cm, HAZ 6.5 cm MEIHIE IR IR FR 4 L,
TERFE AN AZ) 100 g BymemialE, Bl A
3#ahd 10 3k, BAALEEES 3k, IR 15 d
JE W IE T AR . HRD IR AR o R
THRRDRLR T . R A3 | RURb i Ak R R
(RIS e 3 e

134 3 WHHEARBETHREEE ~HH
AMEFE A 100 g 57K 8 55% 043 i R e
BN AR N 17, 23, 27, 33, 37 °C,
BTN 3 #4810 3k, BAEEEE 3 K,
7R 15 d JEUREETF IO SR B . HURD IR A A
O I, THRRDELR AR . R RR | R
EEAL R RLE UH L R 585

135 AERHAHHREER AN
FIA 100 g S 7K 55% IR EIRE , A
A 2 4 10 SkER 3 #8410 Sk, R Ab i E
53k, 28°C FiaFE 15 d JeWedEdfic st duihk
HAPFF A R E R, SHEXIETH (2012)
PSR RE R R 23 . RS (LR | b4

L RUH RS R bR TR AT (B g):

TEPRHRI R (%) = (RERHE - 40 R
i) Ak %100,

HREAL R (%) = BRI E R (RE R -
Wb ) *100,

HAMFALER (% ) = Wb/ (s - BUK
HAH A ) %100,

ERTHAER (%) = (RER-RbE ) g
Hx100,
1.36 EHIHEMKX  WECR MY TR ZE
RIS (GI) K256 75 2 4 R A 1 R AL 4 fe U T
B J5 77 A 1 D AR R o TR BRDBR IR 3R
Jei . B GRS I S 2R TR K%
1: 10 RAJE1E 35 CTFIRY 24 h, KEHFH
IRAFE S B 4G IR 2RI . EHAR 9 om
TR b Ji— 208 4%, AL BRLH T 4415 7 10
HREIN 5 mL $EEY, W RR AL H AR B SR LA
hn s mL ZEERK  IFTE ARG TR IL A 20 B
T, 3 WS B AL, KRR L T R RS
T 26 CRiFE 2 d I, TR & 28R A0 &
REFFFRE,

GI (%) = (bR K 27 b1 H0 i < b B AH
ZERTARK ) / O BRLLUE ZF R EE < X IR &
ZEFTHRE ) %100,

14 EiEALIE

SIS KGR F Excel 2010 F11 SPSS 17.0 Xf %
PE AT BT R G b B SRR 7 B 224 K
T BB DA B AN () B 7K St AN [ i BE A 2
Y e R, Rbar, WEE | WRRE .
AL DAL | IR ITH AR A & ZF R+
AR A Tukey’s BRI R 7 227341 (P<0.05 ). A
(7] 1 153 4yt 1 R 07 B R T SE R AR T4
(P<0.05), BRIEFN ISR P T & 2R P8 BUR
FSEAEAR TR (P<0.05 ),

2 HREHH

21 #EKRERRE

ORISR EY, X1 5 X2, X5. X6
P A s, (S5 AR A i, X2
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HHAB R A P14 X3 5 X5, X6, T4k
BIPL, (H 5 AR A P4 X4 5 X7,
X8 WALk, (NS5 HALE KA HPik. X5 5
HAbE AR A TP, X6 5 HAMERL A ST
k. X715 X8 WAL, HS5PFEaRiL.,
X8 5V ahAfibid (£2),

*k2 AEEHERREREER
Table2 Theantagonistic reaction test
results of different strains

ﬁtﬁﬁ:ﬁ* XI X2 X3 X4 X5 X6 X7 X8 P
X1 S
2 + o+ o+ o+ o+ o+ o+
X3 -t - F
X4 oros ot
%5 o+ o+ ¥
X6 + o+ 4
X7 -t
X8 N

+FRNIH Z AR, — BRI Z AR
ik, X1-X8 NHEuF R, P bRk, TR
+ indicates the presence of antagonistic lines, — indicates

the absence of antagonistic line. X1-X8 is P. pulmonarius
and P is P. ostreatus. The same below.

AT PLSF-g % B X HA 8 Db
G, GATE T 55 22 T bR A A Z TR AE RS B
BEATHPUR bR, 1K, W12 T Lo

51 PMudE X1, X3, X4, X7. X8, 52 Fih
X2, 953k X5, 45 4 Fh ol X6,

22 HiREHREZEKER

AN TR] i ol 55 22 2 R Xo) TR 22 A K B R ) 2
FARE (P>0.05), ANREIECHXTH 224K HE
ZFRE (P<0.05) (£ 3). X1 HIREZE 4
SR R SR P ARG R, A 2( 7.4420.14)
mm/d, HE5HAME 27 EE (P<0.05); X2
VR TE 2275 4 S5 R g3 AR KOl e, ik
F (7.2240.18) mm/d, 5 1 5H 2 ST %S
ANEE (P>0.05); XS5 WEEZIE 1 SRR+
FpAERKHE R, 5% (7.4240.27 ) mm/d,
52545 ERALRE (P>0.05); X6 K
PR 227E 1 S 55373k vp A K U e, i85

(7.57£0.22) mm/d, 5 4 SlHFEF AL E
(P>0.05); “FaERREZAE 1 S IR
R EE R, K3 (7.37£0.25) mm/d, 5 4
ST ERARE (P>0.05), 28 Fmd, AR
RIS FAERTE 1 5 4 SRR

23 HE#ZSASHHINEER

AR EGKENF L wEE T, HEASR
3 {4 O 2 E R TR A TR TR (3%
4, F5), BEEWEBEEKEMIM, ORISR
fy RO i | R R R A A e S U
RS MRS KA S5%0F, FEEE L)
W i O A o o (45.8242.33 ),

#3 AEHEKEREFEM ENELERKEE
Table3 Hyphae growth rates of different strains on different culture spawn

ML E M (mm/d)  Strains (mm/d)

i 77 Medium
X1 X2 X5 X6 P
1 7.02+0.15b 7.16£0.10a 7.42+0.27a 7.57+0.22a 7.37+£0.25a
2 6.67+0.15bc 7.03+£0.14a 6.81+0.27ab 6.87+0.19b 6.67+0.16b
3 6.34+0.14c 5.95+0.27b 6.25+0.30b 6.49+0.25bc 6.60+£0.16b
4 7.44+0.14a 7.22+0.18a 7.20+0.23a 7.08+0.23ab 7.17+£0.36ab
5 6.47+0.14c 6.00+0.28b 5.54+0.29b 6.23+0.14¢ 4.24+0.10c¢

FPE D 5 WEESFEPERER, BT A AR TR R B3 (P<0.05, Tukey’s HLNERIF 27047 ).

Data are mean+SE, and followed by different letters within each column indicate significant difference by Tukey’s one-way

ANOVA (P<0.05).
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4 HAERSAIWVHAMNAEEKEFBHERRNREFR
Table4 Feeding situation of the 3rd instar larvae of Protaetia(Liocola) brevitarsisto the Pleurotus pulmonarius
mushroom bran with different water contents

FKE (%) R (g) HwbiE (g) HdE (g)
Water content (%) Food intake (g) Frass production (g) Weight gain (g)
35 28.70+1.81c 19.91+2.21c¢ 1.757+0.125ab
45 35.02+1.83b 25.93+1.76b 1.944+0.090ab
55 45.82+2.33a 36.16+1.39a 2.119+0.181a
65 40.27+1.25ab 31.94+1.68a 1.815+0.053ab
75 33.2842.73bc 23.87+1.50bc 1.727+0.089b

Bl bR, SOV R AR TR 2E R B3 (P<0.05, Tukey’s FLIR 7220007 ). £ 6 [Al.

Data are mean=SE, and followed by different letters within each column indicate significant difference by Tukey’s one-way

ANOVA (P<0.05). The same as table 6.

®5 HEXSAIWHBAMNAESKEFBEEBENEEEN
Table5 Feeding capability of the 3rd instar larvae of Protaetia(Liocola) brevitarsis to the Pleurotus pulmonarius
mushroom bran with different water contents

FRAR (%)

Tk (%)

HAFALR (%)

MAFALR (%) ERIEER (%)

Water content (%) Fee(rialtléiiize;tion Insect br(;(tlz (cozt)lversion Frasiactgt?)//oe)rsion dilggspégﬁiittl;a(t; )
35 28.70c 19.91ab 73.90b 30.63a
45 35.02b 21.37ab 78.40b 25.96b
55 45.82a 21.94a 82.74ab 21.08¢
65 40.27ab 21.79ab 83.04a 20.69¢
75 33.28bc 18.35b 75.65b 28.28ab

Bl 3k 4 BlRRTT AR, BIVEBCF R AR AR R 2 R B3 (P<0.05, Tukey’s BN 7 22047 ).

Data are the calculation results of the data in the table 4, and followed by different letters within each column indicate

significant difference by Tukey’s one-way ANOVA (P<0.05).

(36.16+1.39) Fl (2.119+0.181) g, Jf H diik%%
AR IR BN e KAl 21.94% 0 24 BBE & K B e
65%I}, MW LR R K . ERITH R/,
IR 83.04%F1 20.69%., LG LA, YRS
IKRAE 55%FN 65%MT, AT EL 4 5 HoAth b 2 2H
R 2R BE (P<0.05), Wik, AEESR
3 4] U 75 22 4% TRVBE 1Y) 53 % K 7 55%-
65%2 [0]

TEARNFRRIERM T, AR A 3 il ot
FHE MR IE RE I A AR (R 6, £ 7).
Bl AR LT, A RS g HIRE i
Humb A R 22 S i ELAR SR B S S

FIfaR, 17 °Ch &)y MU o RS fh e Bt
A, SABEIRELE 33 CCHEHUE & A ED ik
B KA, 4350 48.07+0.51 )g F1( 38.17+0.38 )
g, YR 27 CIHtER S Riwb&E S 33 °C

RS BEES (P>0.05), HIMHE AR
i (2.145+0.005) g, [RIAF HUAES b5 F b
b Ak B KA 23.49% 11 84.13% L5 & HL#KL
MR EELE 27 °CHI 33 °CH}, 3% 2 [\
WA BEZES (P>0.05), 5HABAEIE 2
S B P<0.05),{H 27 CHIHE 1R T 33 °C
I, i, HEESR 3 RSB RS
T R I BB R E R 27 °Co

TE R AL S fo R R I 0 75 2 4 R IR
AET1 b, A 2 RN 3 IS4 HUFE 45 T s
FERMEE, H 3B REEER R Bk
AL AR A L, 2 184 B
PUHELE 3 g, HEREE (P<0.05)
(#£8, £9), Fik, AREESR 3 B MR
WA T REE 100 g FfE, AT L 3 ik
4.62 g, roAEHEY 80.22 g,
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6 AEASAIRYBEAREBEE THHFEEERNIER
Table6 Feeding situation of the 3rd instar larvae of Protaetia(Liocola) brevitarsisto
the Pleurotus pulmonarius mushroom bran under different temperatures

HEE (°C) BEd (g) Hiwbis (g) Hed (g)
Temperature (°C) Food intake (g) Frass production (g) Weight gain rate (g)
17 37.09+0.90c 28.72+1.12¢ - 0.292+0.047d
23 40.26+0.49¢ 31.38+0.40bc 1.254+0.166b
27 46.15x1.14a 37.02+1.20a 2.145+0.055a
33 48.07+£0.51a 38.17+£0.38a 2.097+0.062a
37 43.17+1.46b 33.13+0.56b 0.465+0.032¢

x7 AENSAIRYBEARBETHFLEHBRNAAE
Table7 Feeding capability of the 3rd instar larvae of Protaetia(Liocola) brevitarsisto
the Pleurotus pulmonarius mushroom bran under different temperatures

R (°C) FURRUE (%) BURSEIEE (%) HHEE (%) ERIEIEE (%)
Temperature (°C) Feed utilization Insect body conversion Frass conversion Approximate

P rate (%) rate (%) rate (%) digestibility (%)

17 37.09¢ - 3.49d 76.83b 22.57a

23 40.26¢ 14.12b 80.45ab 22.06a

27 46.15a 23.49a 84.13a 19.78a

33 48.07a 21.18a 83.03a 20.59a

37 43.17b 4.63¢ 77.56b 23.26a

B 3k o BT a4 2R, BIVBCF A AR R 2 R B3 (P<0.05, Tukey’ s BRI J5 2041 ).
Data are the calculation results of the data in the table 6, and followed by different letters within each column indicate
significant difference by Tukey’s one-way ANOVA (P<0.05).

*8 HERSARRRPHHMNFLHEERNRBERL
Table8 Feeding situation of different instar larvae of Protaetia(Liocola) brevitarsis
to the Pleurotus pulmonarius mushroom bran

S Tnstar BUTh (g) M (g) W (g)
Food intake (g) Frass production (g) Weight gain rate (g)
2 {34 d 2nd instar larvae 18.47+0.94 10.51+0.93 1.282+0.225
3 #4408 3rd instar larvae 45.82+2.33% 36.16+1.39% 2.119+0.181%

Bl - ebr e, UREREE (P<0.05, JS A TR ).

Data are mean+SE, * indicate significant difference by independent-samples T-test (P<0.05).

®9 BERSATERRPYHHMNFLIEEHRNAAEE
Table9 Feeding capability of different instar larvae of Protaetia(Liocola) brevitarsis
to the Pleurotus pulmonarius mushroom bran

TRAR (%) HAFALR (%) HIPFALR (%) ERHEER (%)

Wi Instar Feed utilization Insect body conversion Frass conversion Approximate
rate (%) rate (%) rate (%) digestibility (%)
2 #% 2nd instar 18.47 16.11 61.15 43.10*
3 #% 3rd instar 45.82% 21.94* 82.74* 21.08

Wi 3k 8 Flla it g R, URER B (P<0.05, M A T ).
Data are the calculation results of the data in the table 8, and * indicates significant difference by independent-samples T -test
(P<0.05).



+ 1450 -

o B 3244 Chinese Journal of Applied Entomology 58 &

2.4 EHEENR

BT e W B A AR R, R
b i e AR A A S HAT ARSI, b 2
FEEC GBI A 75 1 U S8
DAy IR B 2 U BE A 1 9 75 22 0l T BEAE
B AE B A AL R R R, R TS

POk DL R ORI IR R AR At 3 g
A B AR AR S, I R+ & 25 38
o MYFEEIRSE SRR, b R 2R AR
K S HBE R ZF R AR 22 57 1 25 (P<0.05 (%
10), MR GLE/NT 50%, 1MiHws GI{EH KT
50%, HiZinT 80%, fcRKrlLiikz] 82.86%,
Hwidr GlaERwE (K1),

R 10 HHFENHPEYFFEFER

Table10 Thegerminating situation of the spent mushroom substrates and frass

PR 1 PR B 2

R 3

RIS R L High 2 Wik 3 X 1R
Test result Mushroom  Mushroom - Mushroom Frass 1 Frass 2 Frass 3 Contrast
v substrates 1 substrates 2 substrates 3
=22 (o
B L2 (%) 85 90 95 100 100 100

Seed germination rate (%)

KEZFRPFRRAC (mm )

Root length of germinated 11.54+5.68b 11.42+6.71b 12.76+5.84b 21.36+8.27a 22.10+7.44a 23.66+8.52a 26.87+6.36a

seeds (mm)

SRR A~ b LR, B R A AR R 22 R B3 (P<0.05, Tukey’s B U5 25704 ).

Data of the root length of germinated seeds are mean+SE, and followed by different letters within each number indicate

significant difference by Tukey’s one-way ANOVA (P<0.05).

B FE#E Spent mushroom substrates

100 i
- mll:b ) Fras*s 82.86* 81 35%
S sl 75.52
~ 5
o\o =]
CEo60f
® .S 40.36
TS 4ol 33.99
e
® g
D20t
=
0 1 1 1
2 3

X156 Repeated experiments

B 1 EHRMAENEYTFRIFEYR
Fig.1 Thegermination index of the spent
mushroom substrates and frass

P B S R B, +RERE R 3 (P<0.05,
ST AEAR TR ),
Data in the picture are the calculated value of the mean,
and * indicates significant difference by
independent-samples T- test (P<0.05).

3 itig

ARG XS 9 BRALA R SR TR DTSR
e T 4 AR FTRF L, Ff 4 M E 2T
TP 2 42 Foft Ty W A 4 ER T8 AR A S 7 A 1 AR

R Rh G IR 3 o R B R IE A KO Hh 4 . T )
FH 75 2 1 X B Ak 286 HU3 988 AR T il A 19 S (] i
J5 FR R 15 Rl R R B | i ) TR 22 A K R
PR R B R RE SR IE AL 7 . 81% AR U RE AR K
J8 . 15%EkK . 2% A 0K 2% E H 66% i i £k
HPERAKIE . 15%Fk5 . 15%A K-S . 2%A 0K
2% 8. Bk (2015) MIFR KB TE M 2
TELAIARE S E Mo m 3 3 e, Y007l 82%
KB 15%FK . 2%A K, 1%A B 2104
KR, S (2013) FIAARBRERFS
YR A R N TR R AT = LA S
WS, HFHB A A&, R
5 AR 8 R R oI AGE AR, A R
R, PR EAES AR, I
AU REAR A e BEGE IS T TG B 21k
ARG PR o K225, T—2nl il
PR 22 A A e B 5 95 22 4 7 ke e Y B A
FEEEE LT R S

TE H B AL 4l OB R 58 rh A8,
F 52 16 4 a2 i BBCE WA B 42 RO 2 R Ry AR i
RHRIE R 75 225 F R BoE TR R 27 °C, Heid
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TKEAE 55%-65%2 8], H 3 #4h dHCE R
At FERIE AT RHIE 100 g HFEAEHE,
AR 3 i diik 4.62 g, HED 80.22 g, fRAIKHFIH
R HUREAER | R AL R AL RIS R BE o
WKE] 46.15% . 23.49%. 84.13%F 19.78%. ik
fif (2015 ) FIH P& bR 75 1 R AL G fa 4l
AR R 28 °C, IfEFKEN 60%, 3 14
R ICERCR b VR (2018 ) FIFHKER T
AR I B AL S faah L, FE AR N
28 °C ., TR S e B 7K &R S5%HT, 3 14 U
BRI o AWFIE P ol i R 54 S IR W
HIIMFR G R TR 25, (ALERRR R . |
PR B AL 2R AR A T AR —E 25 5% . F5E
FI LI R & 5w B AE A 72 A 4R 57
H R AE 4 4 i daBER T 2235 3 66.22% F
49.29%, HIAFILZFIEF] 14.85%H1-4.31%, H
FEHALRIKF] 85.95%F01 78.18%, TN F A
2 16.11%H1 21.11% (58K, 2019). HIt,
F AL 4 F AR [V RDRHA AR | HUAR L AL 3
ILE R 2Z T RE R th TR oy 2
R 5 205 TR P OR R AT e R i,
ah WAL R . AR F R AR R R KT
AT TR, FR R s T
I, T2 AT DL TS s R — 20 R
fife, 5 A S PRI TEC, HIYEAS L )
Bc 7 B AR AsE DL 73R R AE 4 4 UG 55 2 4 1
W) B A A A5

1B A4 R T AR A b 42 U E AR AR 1Y)
PRI RR A, AT DA S50 2 R R R A A A
T, —BIA Y GTETE 50%-80%H HEAL
FAREARYFE, 24 G (H>80%H AL 5¢ 4=
JEPHABA YT (Wei et al., 2020), &
AF 5% 3 3 A 75 32 20k TR T 11 S AR 4 f gl He iy
W IAEYI BRI K IR, 75 245 R GI (/T 50%,
sk AT R T, Al B N ALRHA |,
A2 ALY IR G HRKT 50%IF#%i
80%, HEANSGHMYENE, BHA—EIEEIF
KM, iR (2019) XL (2018 )
DT 5% & B0 L A 4 ey H HR 288 X SR 4 v R
PEBR S N — 5, SIS B Al 1 ) b

T A AR AR S G M D
SIS Hik, HEES R R
N —Fh AR A HLIER, BATRK AT FE T SR
AHHHE

AS I G 1ok i 108 AN A L TR S g A B 2K o
TBEEARRREYY , SRIG R 2 AE S f e AL
PRI B o (L)) e A e R, D HESr A Ak
UG BEA - P BT R - B U R B R A
A HUIERE” B B PR A AR Bt T HAR Ty
SEAHE AL o 3T T HA A4 L AU BEA BT A
FIL ATERSE A L U B 52 . PRI IRET . SRAH
W FNRRAEL A . SRR . BHERPT A B
U3 a2 = A
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